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(57) Dispositif d'etancheite (10) annulaire pour colonne 
tubulaire dans un puits. Le dispositif (10) comporte un 
mandrin (12), un scellant elastomerique (14) et une 
chambre de gonflage (26) pour gonfler 1 'element 
d'etancheite (14) et occlure Tespace annulaire entre la 
colonne et les parois du puits. Un collier superieur (22) 
et un collier inferieur (24) sont positionnes dans la 
direction axiale au-dessus et en dessous de T element 
d'etancheite, et la douille d'extremite superieure (40) et 



(57) An external casing packer (10) is provided for 
positioning downhole along a tubular string in a well. 
Packer (10) includes a mandrel (12), an elastomeric 
sealing element (14), and an inflation chamber (26) for 
inflating the sealing element into sealing engagement 
with the sidewall of the well. Upper collar (22) and a 
lower collar (24) positioned axially above and below the 
sealing element, respectively, and an upper end sleeve 
(40) and a lower end sleeve (62) of the sealing element ar 
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la douille d'extremite inferieure (62) sont relies 
mecaniquement. Un ou plusieurs ergots antirotation (44) 
relient les colliers aux manchons respectifs. La surface 
exteme des colliers peut etre ornee d'une rainure 
peripherique (52), et la surface interne des manchons 
d 5 extremite peut etre ornee d'une meme rainure 
peripherique (54). Un fil de retenue (46) introduit par un 
trou (56) pratique dans le manchon d'extremite est passe 
dans les rainures, de maniere a assurer la liaison 
mecanique entre le collier et le manchon en direction 
axiale. Le mecanisme de liaison mecanique decrit dans la 
presente invention ne requiert pas de soudage et peut etre 
utilise en toute confiance lorsqu'il n'y a que peu 
d'espace entre le diametre exterieur du mandrin et le 
diametre exterieur du dispositif d'etancheite. 



are mechanically interconnected. One or more anti- 
rotational keys (44) rotational interconnect a collar with 
a respective sleeve. A circumferential groove (52) may 
be provided in the outer surface of the collar, and a 
similar circumferential groove (54) provided in the inner 
surface of the end sleeve. A retaining wire (46) may be 
passed through a hole (56) in the end sleeve and into the 
grooves to axially interconnect the collar with the end 
sleeve. The interconnection mechanism of the present 
invention does not rely upon welding, and may be 
reliably used when there is relatively little spacing 
between the outer diameter of the mandrel and the outer 
diameter of the packer body. 



Industrie Canada Industry Canada 



CA 02204329 199705-02 




CA 02204329 1997-05-02 




FIG.3 




FIG. 5 



CA 02204329 1997-0502 



-1- 

EXTERNAL CASING PACKER WITH ELEMENT END SLEEVE 
TO COLLAR RETAINER AND METHOD 

* 5 

Field of the Invention 

The present invention relates to packers of the type commonly used in petroleum 
recovery operations. More particularly, this invention relates to an inflatable packer 
with a fluid pressurized element and to an improved technique for securing the sealing 
1 0 element end sleeve to a collar. 

Background of the Invention 

External casing packers are widely used in petroleum recovery operations to 
sealingly engage either the internal surface of a casing in a wellbore, or the surf ace of the 
15 uncased bore. An external casing packer is coupled within a casing string, and utilizes a 
mandrel with a bore comparable to the bore of the casing string. The packer is thus run 
in as an integral part of the casing string, and provides a seal between the casing and the 
wellbore. The packer is commonly used in cementing operations to secure the casing 
string in the wellbore. 

20 The elastomeric sealing element of an external casing packer is typically 

expanded by hydraulically pumping fluid down the casing to form a positive, hydro- 
mechanical seal between the casing and the formation- Alternatively, various downhole 
inflation tools as are well known in the art may be used to inflate an external casing 
packer. The hydraulically set sealing element engages the cylindrical internal surface of 

25 the casing or conforms to the irregular contour of the open hole, and seals off against the 
formation to prevent communication. An inflatable casing packer may also be used in 
non-cementing applications, and in such applications is typically set in an inflated 
position for the useful life of the well The sealing element may employ metal ribs to 
safely increase packer working pressure without leakage or rupture. An exemplary 

30 external casing packer is disclosed in U.S. Patent No. 3,437,14Z 

The packer elastomeric sealing member includes respective upper and lower 
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metal end sleeves which are interconnected with the elastomeric seal or boot and 
optionally may also include the metal ribs. Each metal end sleeve typically extends 
radially outward to the O.D. of the packer body. Upper and lower collars are provided 
above and below the elastomeric sealing member, and also extend to the O.D. of the 
5 packer body. Either the upper collar or the lower collar may be equipped with one or 
more valves which regulate fluid flow during setting of the packer, and is thus often 
referred to as the valve collar. Each metal end sleeve is axially and rotationally 
interconnected with its respective collar for reliable inflation of the packer. 

Various techniques have been used for securing the upper and lower end sleeves 

10 of the packer elastomeric member with the respective upper and lower collar. In some 
cases, the sealing member end sleeve and a radially inward and overlapping portion of 
the collar may be threaded together. In many applications, however, there is simply not 
sufficient radial room between the O.D. of the mandrel and the desired O.D. of the 
packer body to accommodate threads of the desired size while allowing for sufficient 

1 5 remaining material to prevent failure when high axial or torque loads are applied to the 
packer. Also, a threaded connection between the sleeve and the collar may tend to back 
off or unthread once the tool is operated downhole. It is customary to weld the end 
sleeve to the collar to ensure the desired connection. In many cases, this welding 
technique reliably secures each end of the elastomeric sealing member to the collar. A 

20 significant disadvantage of this welding technique occurs when the collar and/or the 
end sleeve are fabricated from materials which resist corrosion, such as metals 
containing more than ten percent (10%) chrome. Welding of such high chrome 
materials is very difficult and time consuming, and frequently results in a heat affected 
zone that exceeds the maximum hardness specified by corrosion standards. When the 

25 collar and/or the end sleeve are fabricated from high strength steel alloys, post-weld 
heat treatments are commonly necessary to increase the reliability of the welded 
connection Also, when the sleeve is welded to the collar prior to testing the packer, 
more time and expense are associated with removing this weld before a failed packer 
can be repaired. 
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LLS. Patent Nos. 2,192,914, 2^54,744, 3,326,006, 3,689,112 and 4,426,761 disclose 
swaging techniques for interconnecting lengths of conduit tubing or pipe. 

The disadvantages of the prior art are overcome by the present invention. An 
5 improved external casing packer includes novel techniques for interconnecting the 
elastomeric sealing element end sleeve with the collar. The end sleeve and collar may 
be reliably and inexpensively interconnected without welding of components, thereby 
reducing stress corrosion cracking and increasing the useful life of the packer. 

10 Summary of the Invention 

An external casing packer includes an elastomeric sealing element radially 
outward of a mandrel. The mandrel has a bore therethrough which is sized close to the 
bore of the casing string in which the packer is placed, so that the packer does not 
restrict the passage of wireline tools or work strings through the casing and past either 

15 the set or unset packer. Each sealing element includes an upper and lower end sleeve. 
Each end of the elastomeric material is secured to the sleeve, and metal ribs which 
increase the working pressure of the packer may also be secured at each end to the end 
sleeve. Collars are provided both above and below the elastomeric sealing element and 
radially outward of the mandrel. Either the upper or the lower collar may include one 

20 or more valves for regulating fluid flow to the pressurizing chamber to set and unset the 
packer. 

According to one embodiment a lower end of the upper collar fits radially 
within the LD. of the upper sleeve. A plurality of circumferentially spaced notches are 
cut in the outer surface of the upper collar, and a similar number of axially elongate slots 
25 are formed in the upper end of the end sleeve. An anti-rotation key is placed within 
each notch and extends radially outward from the O.D. of the lower end of the collar. 
The keys are aligned with respective slots, and the collar moved axially within the end 
sleeve until the keys engage the end of the slots. The keys thus prevent rotation of the 
end sleeve with respect to the collar, and therefore allow torque to be transmitted from 
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the mandrel to the collar, then from the collar to the end sleeve and the elastomeric 
sealing element 

The collar may also include a circumferential groove cut in its outer surface. A 
similar circumferential groove is cut in the inner surface of the end sleeve. When the 
5 anti-rotation keys bottom out in their respective slots, the grooves are axially aligned. 
An insertion hole is provided through the wall of the end sleeve and is aligned with the 
circumferential groove in the end sleeve A wire may then be inserted through this hole 
into the axially aligned circumferential grooves, thereby axially securing the upper 
collar with the upper end sleeve. An o-ring is provided between the securing members 

10 and the elastomeric sealing member to retain fluid pressure within the pressure 
chamber of the packer. The lower sealing element sleeve and the lower collar may be 
interconnected in a similar manner. 

One alternative embodiment utilizes a threaded latch mechanism to interconnect 
the casing packer collar with a respective sleeve at the end of the elastomeric sealing 

15 element If disassembly of the latched collar and sleeve is desired, the collar may be 
rotated relative to the sleeve to unthread the latched connection. In yet another 
embodiment a swaging or crimping operation is performed to interconnect the collar to 
the sleeve. To reinforce the swaged connection, the ends of the split ring may be welded 
together to form a closed ring positioned within the swaged groove. 

20 It is an object of the present invention to provide an improved external casing 

packer which mechanically secures the sealing element end sleeve and a respective 
collar. More particularly, it is an object of the invention to axially and rotationally secure 
a packer sealing element end sleeve and a collar in a manner which, if desired, allows 
both axial and rotational loads to be reliably transmitted from the casing string to the 

2 5 sealing element 

It is a feature of the invention that the packer sealing element end sleeve is 
interconnected with the collar in a manner whereby the material characteristics of the 
end sleeve and the collar are not altered. Heat affected zones resulting from welding 
operations are avoided. The interconnection technique of this invention may thus be 
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used with various materials, including highly corrosion resistant materials which cannot 
be easily welded. 

It is another feature of the invention that a wire may be inserted into the 
drcumferential grooves to axially interconnect the sealing element end sleeve and the 
5 collar, and that this wire need not be fully inserted when the packer is pressure tested. 
When the pressure test is positive, the wire may then be fully inserted so that it cannot 
thereafter practically be withdrawn. When the pressure test is negative, the partially 
inserted wire may be easily removed and the packer then disassembled, repaired and 
retested. 

10 It is an advantage of the present invention that the inserted wire may have a 

rectangular cross-sectional configuration for fitting within a similarly configured 
combined groove between the packer sealing element end sleeve and the collar, thereby 
increasing the mechanical reliability of the interconnection. It is a further advantage of 
the invention that the configuration, size, and number of both the anti-rotational keys 

1 5 and the wire or other member used to prevent axial movement of the end sleeve relative 
to the collar may be easily altered to obtain the desired axial load and torque capabilities 
for the packer. Still another advantage of the invention is the significantly reduced cost 
associated with reliably interconnecting a packer sealing element end sleeve and a collar 
when fabricated from highly corrosion resistant materials. 

2 0 Yet another advantage of the invention is that a threaded collet mechanism may 

be used for interconnecting the collar and an end sleeve of the elastomeric sealing 
element The interconnection does not require rotation of either component and thus the 
inflatable element Cold working of the collar or end sleeve is minimized, thereby 
minimizing stress corrosion. Anti-rotation keys may be used to rotationally interconnect 

25 the collar to the end sleeve. Prior to insertion of the anti-rotation keys, the collar may be 
rotated to unthread from the end sleeve, thereby disconnecting the collet mechanism if 
the packer fails a pressure test 

Yet anther advantage of the invention is that a swage or crimping operation may 
be used to interconnect the collar to the end sleeve of the elastomeric sealing element A 
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split ring may be positioned in the swaged groove and its ends welded together to 
reinforce the swaged connection. If desired, the swaged connection may provide a 
metal-to-metal seal between the collar and the end sleeve. 

These and further objects, features and advantages of the present invention will 
5 become apparent from the following detailed description, wherein reference is made to 
the figures in the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a quarter sectional view of an external casing packer according to the 
10 present invention. 

Figure 2 is a pictorial view, partially in cross section, illustrating a square wire 
interconnection between the upper sealing element end sleeve and the upper collar of an 
inflatable packer according to the present invention. 

Figure 3 is a pictorial view, partially in cross-section, illustrating a collet 
1 5 mechanism for interconnecting a lower sealing element end sleeve and the lower collar 
of an inflatable packer. 

Figure 4 is a pictorial view, partially in cross-section, illustrating a swage 
connection between the lower sealing element end sleeve and the lower collar of an 
inflatable packer. 

20 Figure 5 is a side view of an alternative embodiment of the swage connection 

shown in Fig. 4. 

Detailed Description of Preferred Embodiments 

Figure- 1 illustrates an external casing packer 10 according to the present 
25 invention. The packer includes a mandrel 12 and an inflatable elastomeric sealing 
element 14 radially outward of a mandrel 12. The packer 10 also includes an upper 
collar 22 and a lower collar 24 discussed further below. The upper end of the mandrel 
12 is threaded at 16 for engagement with a conventional oilfield coupling C, and the 
lower end of the mandrel has similar threads 18. The packer is connected to a casing 
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string (not depicted), so that the mandrel 12 is an integral part of the string. The 
uniform cylindrical bore 20 within the mandrel 12 is sized to be substantially equal to 
the bore of the casing string. The packer 10 thus does not create an impediment to the 
passage of wireline tools and/or working strings through the casing packer when in 
5 neither the set or unset position- Accordingly, conventional wireline tools, conventional 
threaded work strings, or coil tubing work strings may be easily passed through the 
packer 10. 

Those skilled in the art will appreciate that the packer as shown in Fig. 1 may 
have an axial length of approximately five meters. Since the sealing element itself may 

10 have an axial length of approximately three meters, the sealing element as depicted in 
Fig. 1 is axially abbreviated, which is conventional for figures depicting threadable 
packers. The packer may be sized for interconnection with conventional casing which 
varies from 2 3 /s" to 20" or more, which is the approximate outer diameter of the 
mandrel 12. The packer has a body O.D., which is the outer diameter of the upper collar 

15 22 and the lower collar 24, which typically is slightly greater than the diameter of the 
mandrel 12. The sealing element 14 when run in the well may have the same outer 
diameter as the collars. A suitable external casing packer according to this invention 
may be similar to the Model CMX-10 External Casing Packer, Product No. 301-23, 
manufactured by Baker Oil Tools, although the concept of the present invention can be 

2 0 used on various types of inflatable packers. 

The upper and lower collars, 22, 24, are positioned outside the mandrel 12 and 
are mechanically coupled thereto in a conventional manner, typically by threads. One 
of the collars, preferably the upper collar 22, include the plurality of valves therein for 
regulating fhfid flow to set and unset the elastomeric sealing element 14. Conventional 

2 5 well fluids may be used to inflate the element 14. In some applications, the fluid may be 
a cement slurry which hardens in the set casing packer for permanent applications. 
Element 14 thus is deformed radially outward in response to fluid pressure and into 
gripping and sealing engagement with the open-hole wellbore. An inflation chamber is 
formed between the outer diameter of the mandrel 12 and the sealing element 14. Fluid 
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thus passes through the annulus 26 (see Fig. 2) of the upper collar, then downward to 
inflate the elastomeric sealing element 14. The pump located either at this surface or 
within the wellbore generates a desired level of fluid pressure, which is transmitted 
downward through the interior of the casing string or through a work string and into 
5 the mandrel 12 The pressurized fluid passes through the inlet port 28 in the mandrel 
12, then past the valve assembly 30 housed within the upper collar 22. Further details 
regarding a preferred valve assembly for setting and unsetting of the external casing 
packer are disclosed in U.S. Patent No. 5,241,369, hereby incorporated by reference. 

As shown in Fig. 1, the valve collar 22 may include an axially elongate upper 

1 0 portion 32 which houses the valves 30, and a lower sub 34 which is threaded at 36 to the 
upper portion 32. The O.D. of lower sub 34 preferably is the same as the packer body 
diameter, and the inner diameter of sub 34 is only slightiy greater thin the O.D. of the 
mandrel 12, thereby forming the chamber 26 for inflating the packer. The lower end 38 
of the sub 34 has a reduced outer diameter to fit radially within the upper end sleeve 40. 

1 5 End sleeve 40 is interconnected with the upper end of an elastomeric sleeve-shaped seal 
or boot 15 in a conventional manner. If the sealing element employs metal ribs (not 
shown) for increasing the packer working pressure, the ends of the metal ribs may be 
welded or otherwise secured directly to the end sleeve 40. The end sleeve, elastomeric 
boot and the optional metal ribs together thus form the elastomeric sealing element 

20 Figure 2 illustrates a suitable connection mechanism 42 for mechanically 

interconnecting the lower end 38 of sub 34 (and thus the collar 22) with the upper end of 
end sleeve 40 (and thus the elastomeric sealing element 14). Connection mechanism 42 
includes a plurality of the ciraimferentially spaced anti-rotational keys 44 and a 
retaining wire 46. Each anti-rotational key 44 is fitted within a respective recess 48 cut in 

25 the outer surface of the lower end 38 of sub 34, and has a slightly curved and generally 
rectilinear configuration- Typically four, six, or eight such anti-rotational keys and 
recesses are axially spaced about the circumference of the sub 34. A similar number of 
axially elongate slots 50 are cut into the upper end of the inner surface of the end sleeve 
40. When the collar 22 is moved axially so that the lower end 38 of sub 34 fits within the 
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upper end of end sleeve 40, the keys 44 and the slots 50 cooperate to prevent rotation 
between the end sleeve 40 and the collar 22. Keys 44 engage the lower end of the slot 50 
and may limit axial movement of the collar 22 relative to the end sleeve 40. 

A circumferential groove 52 and a similar groove 54 are formed in the outer 
5 surface of the member 38 and the inner surface of the member 40, respectively, as shown 
on Fig. Z The grooves are positioned to be axially aligned when the keys 44 engage the 
end of the slot 50. An inclined insertion hole 56 is provided through the sleeve 40 for 
passing a wire 46 from the exterior of the sleeve through the hole 56 and into the 
grooves 52 and 54, thereby axially retaining the collar to the end sleeve. A conventional 

10 Oring 60 seals between the lower end 38 of sub 34 and end sleeve 40 to retain 
pressurized fluid within the inflated boot 15. 

The length of the installed wire 46 is only slightly less than the circumferential 
length of the grooves 52 and 54. During installation, the wire 46 may be longer than the 
circumference of the groove, but preferably is cut off during installation to fit within the 

15 groove Preferably the wire 46 is positioned about at least 210° of the circumference 
between the members 38 and 40, and preferably about at least 270° of the circumference 
between these members. When the packer is being pressure tested, the wire 46 may be 
inserted through the hole 56 and into the grooves 52 and 54, although a portion of the 
wire may extend radially outward from the hole 56 during the pressure testing. If the 

20 pressure test is positive indicative of no leaks from the pressure chamber, the wire 46 
may then be completed inserted so that it fits entirely within the grooves 52 and 54, and 
practically cannot thereafter be withdrawn. If the pressure test is negative indicative of 
a leak, the wire 46 may be easily withdrawn, the packer disassembled, the leak 
corrected, then the packer reassembled and retested. 

25 It should be understood that the size and number of the anti-rotational keys 44 

may be selected to obtain the desired torque rating necessary to transmit torque to the 
sealing element 14. Similarly, although only one wire 46 is shown on Fig. 1, both the 
number and size of the wire may be selected so that the desired axial load can be 
transmitted from the casing string through the mandrel and to the elastomeric sealing 



CA 02204329 1997-05-02 



-10- 

element 14. Wire 46 preferably has a rectangular cross sectional configuration as shown 
in Fig. 2 for fitting within a similarly configured passageway formed by the combined 
grooves 52 and 54. This rectangular configuration maximizes the mechanical integrity 
of the axial connection between the collar and the end sleeve while minimizing the 
5 radial depth of the grooves cut in the members 38 and 40. Other cross-sectional 
configurations for wire could be employed, if desired. 

According to the method of the present invention, an improved technique is 
provided for interconnecting an elastomeric sealing element end sleeve with a collar of 
an inflatable packer of a type described herein. A circumferential collar groove is 

1 0 formed in the radially outer surface of the collar, and a similar groove is formed in the 
radially inner surface at the end sleeve. A wire insert hole is drilled in the end sleeve, 
preferably at a deviated or inclined angle with respect to a conventional radially drilled 
hole, in order to facilitate the subsequent insertion of the wire through the hole and into 
the groove. The inclined hole obviously is in communication with the sleeve groove 

1 5 and, as previously noted, the sleeve groove is aligned with and in communication with 
the collar groove. The retaining wire is then inserted through the wire insert hole and 
into both the collar groove and the sleeve groove to axially interconnect the collar with 
the end sleeve. The overall length of the wire is such that the wire occupies at least 210° 
of the circumference of the respective end collar. A seal is positioned axially between 

20 the retaining wire and the eiastomeric seal 15 for sealing between the collar and the end 
sleeve. 

In order to rotationally interconnect the collar with the end sleeve, one or more 
cut-outs may be formed within an outer surface of the collar, and an anti-rotational key 
fitted within each cut-out An axially extending slot is cut in the outer surface of the 
2 5 respective end sleeve. The collar is slid into the end sleeve such that each key fits within 
a respective slot thereby rotationally locking the collar to the end sleeve. 

It is conventional to test the inflatable packer before shipping the packer to the 
field for use downhole. According to the prior art the packer is pressure tested, and if 
the test is negative indicative of a leak, the weld between the end sleeve and the collar 
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must be removed and the packer disassembled. According to the present invention, a 
front portion of the retaining wire is inserted in the collar groove and the sleeve groove 
while a rear portion of the retaining wire extends radially outward from the wire insert 
hole. At this stage, the chamber is pressurized to test the sealing integrity of the 
5 pressurized chamber. In response to a positive test the rear portion of the retaining 
wire is slid through the retaining hole and into both the collar groove and the sleeve 
groove, such that the retaining wire cannot practically thereafter be withdrawn. 
Assuming the test is negative indicative of a leak from the pressure chamber, the rear 
portion of the retaining wire extending from the insert hole allows the entire retaining 

1 0 wire to be easily withdrawn from the collar groove and the sleeve groove. The packer 
may thus be easily disassembled, repaired and then retested. 

In an alternative pressure testing operation, the retaining wire may be installed 
completely in the groove between the collar and the sleeve. Assuming the pressure test 
is positive, the retaining wire may then be left in place. If the pressure test is negative, 

15 the end of the retaining wire may be designed so that it can be grasped by a needlenose 
pliers or other conventional tool for removal from the groove. 

As previously noted, the technique for interconnecting the elastomeric sealing 
element end sleeve with the collar may be used for interconnecting both the upper end 
sleeve with the upper collar and the lower end sleeve with the lower collar, or may be 

2 0 used for interconnecting only a selected one of the end sleeves with a respective collar. 
While it is preferable according to the present invention to rotationally lock the end 
sleeve to the collar, the plurality of anti-rotational keys as disclosed herein, the plurality 
of the cut-outs in the outer surface of the collar, and the plurality of axially extending 
slots in the inner surface of the end sleeve may be eliminated for those applications 

2 5 wherein it is not necessary to apply torque to the elastomeric sealing element 

Those skilled in the art will appreciate that the cost of manufacturing the grooves 
in the collar and the end sleeve are reduced by providing a groove which lies within a 
plane perpendicular to the central axis of the packer. Alternatively, however, a groove 
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could be machined in both the collar and end sleeve so that the installed retaining win- 
would have the configuration of a spiral when positioned in the groove. An advantage 
of this spiral groove design is that the retaining wire which provides axial 
interconnection between the collar and the end sleeve would also serve to transmit 
5 torque between the collar and the end sleeve, so that the anti-rotation keys previously 
discussed may be eliminated. Also, two oppositely directed spiralling grooves and 
retaining wires may be used in order to torque balance the connection between the 
collar and the groove. 

As previously noted, both the interconnecting wire and each of the grooves in the 
10 collar and the end sleeve may have a cross-sectional configuration which is not 
rectangular. The grooves in the collar and the end sleeve could be combined to form a 
groove with a double dovetail configuration, so that a retaining wire with a cross-section 
in a general shape of an hour glass could be inserted into the double dovetail groove. 
This configuration of the groove and the wire would minimize the likelihood of the 
15 collar expanding and jumping over the wire. While a wire is a preferred member for 
axially interconnecting the collar and the end sleeve, it should be understood that 
multiple wire segments rather than a single elongate wire may be provided in the 
groove for interconnecting the collar to the end sleeve. 

Instead of using a wire, roller bearings or ball bearings may be positioned in the 
20 groove for interconnecting the collar and the end sleeve. Bearing-type interconnection 
members may be retained within the groove by plugging a bearing member insertion 
hole, similar to hole 56, provided in the sleeve. After unplugging the hole, the bearing 
members may be easily removed to allow axial movement between the collar and the 
end sleeve. Another alternative to the retaining wire would be to use slurry which was 
2 5 injected into the groove through a hole in the end sleeve. The slurry would then fill the 
groove and harden to secure the collar to the end sleeve. Any number of plastics 
or epoxies may be used as a suitable slurry for injecting into the groove to retain the 
collar to the end sleeve. 
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While preferable to insert the collar-to-end sleeve retaining member from the 
outside and through a hole in the end sleeve then into the groove, it is also possible to 
provide an insertion hole in the collar so that the retaining member could be inserted 
from the interior of the tool. This arrangement may be preferred if bearing members are 
5 used to interconnect the end sleeve to the collar, or if a plastic or epoxy injection 
compound is injected into the groove. Various types of seals may be used to sealing 
between the collar and the sleeve other than the O-ring seal 60 generally shown in Fig. Z 
Metal O-rings, metal U-rings, and other non-elastomeric sealing members which 
provide reliable sealing engagement in downhole tools may thus be used for sealing 

1 0 between the collar and the end sleeve. 

Figure 3 discloses an alternative embodiment for interconnecting the end sleeve 
and a collar. The collet mechanism 62 interconnects the end sleeve 64 tod the collar 66. 
In the Fig. 3 embodiment the sleeve 64 is a lower end sleeve which is secured to an 
elastomeric sealing element or boot 14 of the type generally shown in Fig. 1, and thus 

15 the collar 66 is a lower collar which functionally replaces the collar 24 shown in Fig. 1. 
As previously noted, conventional valves 30 may be housed in either the upper collar or 
the lower collar, or both 

The sleeve 64 includes a series of spirally threads or teeth 68 along an inner 
surface thereof for mating engagement with corresponding threads or teeth 70 on the 

20 outer surface of collar 66. A lower cylindrical surface 72 on the sleeve is provided for 
sealed engagement with seal 74 on the collar, thereby preventing inadvertent loss of 
pressurized fluid from the inflated sealing element A plurality of circumferentially 
spaced generally rectilinear slots 76 may be provided in the lowermost end of the sleeve 
64 each for receiving a corresponding generally rectilinear key 78, thereby rotatably 

25 interconnecting the end sleeve and the collar and allowing torque to be transmitted to 
the inflatable sealing element of the packer. The plurality of anti-rotational keys 78 and 
the corresponding slots 76 may be eliminated, if desired, under circumstances where it 
is satisfactory to allow the inflatable sealing element of the packer to remain stationary 
within a rotating mandrel. 
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The upper sleeve-shaped end 82 of the collar 66 includes a plurality of elongate 
slots 84 extending to the upper end of the collar, thereby forming circumferentially 
spaced collet members 86 with external teeth 70 theieon. Those skilled in the art 
appreciate that the slots 84 may be cut in the collar after the teeth 70 are formed, and that 
5 each collet member 86 may deflect radially inward toward packer axis 88. Both the 
teeth 68 and 70 may have a reverse or negative angle profile, such that surface 90 on 
teeth 68 is at a slight negative angle 92 with respect to a plane perpendicular to axis 88. 
A mating surface 94 on teeth 70 has a similar negative angle, thereby ensuring that the 
sleeve and the collar remain interconnected even when high axial forces are transmitted 
1 0 between these components. Minimum cold working of the sleeve or collar is required, 
thereby muiimizing the likelihood of concentrated stresses and thus reducing corrosion 
and cracking. 

During assembly, the sleeve 64 and the collar 66 are moved axially together, with 
a collet members 86 deflecting radially inwardly while the teeth 70 jump passed the 

15 teeth 68. No rotation is required to interconnect the collar to the end sleeve, thereby 
eliminating alignment problems which may be caused by an assembly technique which 
requires the rotation of the inflatable sealing element Once interconnected, the sealing 
integrity of the elastomeric element may be pressure tested, as previously described. In 
the event of leakage past the seal 74 or past the corresponding seal between the upper 

20 end sleeve and the upper collar, the collar 66 may be rotated to unthread the mating 
connection provided by threads 68 and 70. Thus the collar and end sleeve may be 
axially interconnected and pressure tested, and the end sleeve and collar easily 
disconnected in the event of a failed pressure test If the pressure test indicates that there 
is no leakage, the collar 66 may still be unthreaded one or two turns with respect to the 

25 end sleeve 64, and anti-rotational keys 78 then circumferentially positioned about the 
collar each for alignment with a corresponding slot 76 in the end sleeve. The collar and 
end sleeve may then be moved axially together as previously described, thereby axially 
interconnecting the collar and end sleeve with the threads 68 and 70, and with the anti- 
rotational keys 78 rotationally locking the end sleeve to the collar. 
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Figures 4 and 5 disclose alternate embodiments for interconnecting an inflatable 
sealing element end sleeve with a collar. Swage or crimp connections 112 and 142 are 
each illustrated between a lower collar and a lower end sleeve of an inflatable sealing 
element The same connection provided between the lower collar and the lower end 
5 sleeve would normally be used to interconnect the upper collar and the upper end 
sleeve, although different combinations of connections as disclosed herein may be used 
for interconnecting an end sleeve within a respect collar. The lower collar 114 as shown 
in Fig. 4 includes a cylindrical outer surface 116 for engagement with annular seal 118 
provided in the end sleeve 120. A radially outward annular projecting member from 
10 the surface 116 may be provided by positioning an annular ring 122 having a generally 
rectangular cross-sectional configuration within annular groove 124 in the collar 114. 
Various cross-sectional configurations for a ring 122 may be used, and the desired 
radially outward projection need not be an annular member. Also, the radially outward 
projection may, but need not be, rotationally fixed to or may be an integral component 
15 of the collar 114. 

The lower end 126 of the end sleeve 120 has reduced thickness, thereby forming 
an annular cavity 127 between 126 and 114. When initially formed, the lower end 126 is 
sleeve-shaped, so that the collar 114 and the end sleeve 120 may be moved axially 
together with the sleeve-shaped lower end 126 easily passing by the ring 122. Once the 
20 end sleeve 120 is desirably positioned axially with respect to the collar 114, conventional 
swaging or crimping tool may be used to form annular indentation 128 immediately 
above ring 126, and annular indentation 130 immediately below ring 122, thereby 
axially interconnecting the end sleeve and the collar. To enhance the reliability of the 
interconnection, a split ring 132 may be positioned within the annular external groove 
25 formed by the indentation 130. The ends of the annular split-ring 132 may then be 
welded together to form a solid ring. Since the solid ring 132 has a diameter less than 
the outer diameter of ring 122, the components are securely interconnected. A similar 
split ring may be provided for the upper indentation 128, although generally the axial 
forces transmitted between the elastomeric sealing element and the lower collar 114 are 
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such that an upward force is applied to the lower end sleeve 120 relative to the lower 
collar 114, and accordingly a single ring 132 below the ring 122 would normally be 
necessary. If desired, additional axially spaced rings 122 and corresponding lower 
indentations 130 and rings 132 may be provided for further enhancing the structural 
5 interconnection between the collar and the end sleeve. 

Various conventional tools may be used to form the swage or crimped 
connection provided by the indentations 128 and 130, as shown in Fig. 4. A 
conventional pipe cutter with a blunt roller may be used for providing the desired 
interconnections. Alternatively, the interconnections could be formed when the roller 

1 0 and end sleeve are mounted on a lathe, and a roller is then used to form the annular 
indentations 128 and 130. The seal 118 is preferably provided for ensuring sealing 
integrity between the collar 114 and the end sleeve 120, thereby preventing the escape of 
fluid from the inflated elastomeric sealing element As an alternative to the seal 118, 
however, the annular indentations formed by the swage connection of the present 

1 5 invention may be sufficient to provide a metal-to-metal seal between the collar and the 
end sleeve. The material for the split ring 130 is not particularly critical since it must 
only ensure that the indentation 130 not expand to slip axially by the ring 122. No pre or 
post heating of the ring 132 should be required. 

Figure 5 discloses an alternate swage or crimp connection 142 between lower 

20 collar 144 and lower end sleeve 146. An annular seal 148 is equivalent to seal 118 
previously discussed. An annular groove 150 is formed within the lower collar, and the 
lower end 152 of the end sleeve 146 has a reduced thickness to accommodate the 
swaging operation. In this case, however, the outer material of the end sleeve is 
removed to form the reduced thickness lower end 152 During assembly, the inner 

2 5 surface 154 of the sleeve-shaped lower end 152 thus slides along the outer surface 156 of 
the collar 144, so that the lower end 152 moves passed the groove 150 and to a desired 
axial position of the sleeve 146 with respect to the collar 144. 

A swaging or crimping tool is then used to form annular indentation 158, thereby 
pressing a portion of the lower end 152 of the sleeve radially inward and into groove 
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150, as shown in Fig. 5. To enhance the inner connection between the sleeve and the 
collar, a split ring 160 may be positioned along the exterior groove formed by the 
indentation 158. The ends of the split ring may then be welded together to form a solid 
ring, as previously discussed. The inner diameter of the ring 160 is less than the 
5 diameter of the surface 156 of the collar or 144, so that the solid ring 160 reliably 
maintains the indentation 158 within the groove 150 even when high axial forces are 
transmitted between the elastomeric sealing element and the collar. 

In both the Fig. 4 and Fig. 5 embodiments, one or more keys may be used to 
rotationally interconnect the respective collar to the end sleeve so that torque may be 

1 0 transmitted through the elastomeric sealing element of the packer. If it is satisfactory to 
allow the elastomeric sealing element to rotate relative to the mandrel, the anti-rotational 
keys need not be used. 

Although the invention has been described with reference to specific 
embodiment this description is not intended to be construed as limiting. Various 

15 modifications of the disclosed embodiment as well as alternative embodiments of the 
invention will become apparent to persons skilled in the art upon review of the above 
description. The invention is intended to cover such modifications and embodiments 
that are within the scope of the invention, as defined by the following claims. 



CA 02204329 1997-05-02 



17a 



20 What is claimed is: 

1. An inflatable packer for positioning downhole along the tubular string in 
a well, comprising: 

a mandrel for interconnection with the tubular string, the mandrel having a 
throughbore therein for communication with the tubular string; 
25 an elastomeric sealing element radially outward of the mandrel; 

a pressurized chamber radially between the mandrel and the elastomeric sealing 
element for inflating the sealing element into sealing engagement with a wall within the 
well; 

an upper collar axially above the sealing element and radially outward of the 
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mandrel; 

a lower collar axially below the sealing element and radially outward of the 
mandrel; 

an upper end sleeve interconnected with an upper end of the sealing element and 
5 radially outward of the mandrel; 

a lower end sleeve interconnected with a lower end of the sealing element and 
radially outward of the mandrel; 

a circumferential collar groove in a radially outer surface of at least one of the 
upper collar and lower collar; 
10 a circumferential sleeve groove in a radially inner surface of a respective one of 

the upper end sleeve and lower end sleeve; and 

a retaining member extending radially between the collar groove and the sleeve 
groove to axially interconnect the at least one of the upper collar and lower collar with 
the respective one of the upper end sleeve and lower end sleeve. 

15 

Z The inflatable packer as defined in Claim 1, further comprising: 

one or more anti-rotational members for rotationally interconnecting the at least 

one of the upper collar and lower collar with a respective one of the upper end sleeve 

and lower end sleeve. 

20 

3. The inflatable packer as defined in Claim 1, further comprising: 

at least one of the upper end sleeve, the lower end sleeve, the upper collar, and 
the lower collar having an insert hole therein for passing the retaining member into both 
the collar groove and the sleeve groove. 

25 

4. The inflatable packer as defined in Claim 1, wherein the circumferential 
collar groove and the circumferential sleeve groove each lie substantially within a plane 
perpendicular to a central axis of the mandrel. 
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5. The inflatable packer as defined in Claim 1, further comprising: 
a seal for sealing between the at least one of the upper collar and lower collar and 
the respective one of the upper end sleeve and lower end sleeve 

5 6. The inflatable packer as defined in Claim 1, wherein: 

the collar groove and the sleeve groove together form a combined groove having 

a generally rectangular cross-sectional configuration; and 

the retaining member is a wire having a generally rectangular cross-sectional 

configuration for substantially filling the combined groove cross-sectional configuration. 

10 

7. The inflatable packer as defined in Claim 6, wherein the retaining wire 
extends about at least 210° of the circumference of the respective one of the upper end 
sleeve and lower end sleeve. 



,15 8. The inflatable packer as defined in Claim 1, wherein at least one of the 

upper collar and the lower collar includes a plurality of valves for controlling fluid flow 
between the throughbore in the mandrel and the pressure chamber. 



9. The inflatable packer as defined in Claim 2, further comprising: 
20 the one or more anti-rotational members include a plurality of anti-rotational 

members circumferentially spaced about the circumference of the at least one of the 
upper collar and lower collar. 
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10. The inflatable packer as defined in Claim 9, wherein the one or more anti- 
rotational members further comprises: 

a plurality of cut-outs each extending into an outer surface of the at least one of 
the upper collar and lower collar and circumferentially about the at least one of the 
5 upper collar and lower collar; 

a corresponding plurality of anti-rotational keys each for fitting within a 
respective one of the plurality of cut-outs; and 

a corresponding plurality of axial extending slots in the inner surface of a 
respective one of the upper end sleeve and lower end sleeve for receiving a respective 
1 0 one of the plurality of anti-rotational keys. 

11. An inflatable packer for positioning within the tubular string in a well, 
comprising: 

a mandrel for interconnection with the tubular string, the mandrel having a 
1 5 throughbore therein; 

an elastomeric sealing element radially outward of the mandrel, the elastomeric 
sealing element including an end sleeve; 

a pressurized chamber radially between the mandrel and the elastomeric sealing 
element for inflating the sealing element into sealing engagement with the sidewall of 
20 the well; 

a collar positioned axially opposite the sealing element with respect to the end 
sleeve and radially outward of the mandrel; 

a circumferential collar groove in a radially outer surface of the collar; 

a circumferential sleeve groove in a radially inner surface of the end sleeve; 
25 a wire insert hole passing radially through one of the collar and the end sleeve 

for passing a retaining wire into both the collar groove and the sleeve groove; and 

a retaining wire circumferentially extending in both the collar groove and the 
sleeve groove to axially interconnect the collar with the end sleeve. 
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12. The inflatable packer as defined in Claim 11, further comprising: 
a seal positioned axially between the retaining wire and the elastomeric seal for 
sealing between the collar and the end sleeve. 

5 13. The inflatable packer as defined in Claim 11, wherein: 

the collar groove and the sleeve groove together form a combined groove having 

a generally rectangular cross-sectional configuration; and 

the retaining wire as a rectangular cross sectional configuration for substantially 

filling the combined groove cross-sectional configuration. 

10 

14. The inflatable packer as defined in Claim 11, wherein the retaining wire 
extends about at least 210° of the circumference of the end sleeve 



15. The inflatable packer as defined in Claim 11, further comprising: 

15 a plurality of cut-outs each extending into an outer surface of the collar and 

circumferentially about the collar; 

a corresponding plurality of anti-rotational keys each for fitting within a 
respective one of the plurality of cut-outs; and 

a corresponding plurality of axial extending slots in the inner surface of the end 
2 0 sleeve for receiving a respective one of the plurality of anti-rotational keys. 

16. An inflatable packer for positioning within the tubular string in a well, 
comprising: 

a mandrel for interconnection with the tubular string, the mandrel having a 
2 5 throughbore therein; 

an elastomeric sealing element radially outward of the mandrel, the elastomeric 
sealing element including an end sleeve; 

a pressurized chamber radially between the mandrel and the elastomeric sealing 
element for inflating the sealing element into sealing engagement with the sidewall of 
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the well; 

a collar positioned axially opposite the sealing element with respect to the end 
sleeve and radially outward of the mandrel; 

end sleeve teeth on an inner surface of the end sleeve; 

collar teeth on an outer surface of the collar for mating engagement with the end 
sleeve teeth; and 

one of the end sleeve and collar having collet members for radially deflecting to 
allow the end sleeve teeth to pass by the collar sleeve teeth as the end sleeve and the 
collar are moved axially together. 

17. The inflatable packer as defined in Claim 16, wherein both the end sleeve 
teeth and collar sleeve teeth are inclined with respect to a central axis of the mandrel for 
disconnecting the end sleeve from the collar by unthreading the mating teeth. 

1 5 18. The inflatable packer as defined in Claim 16, wherein the collet members 

are provided on the collar. 

19. The inflatable packer as defined in Claim 16, further comprising: 

one or more anti-rotational members for rotationally interconnecting the collar 
2 0 with the end sleeve. 

20. The inflatable packer as defined in Claim 16, further comprising: 
a seal for sealing between the collar and the end sleeve. 

25 21. An inflatable packer for positioning within the tubular string in a well, 

comprising: 

a mandrel for interconnection with the tubular string, the mandrel having a 
throughbore therein; 

an elastomeric sealing element radially outward of the mandrel, the elastomeric 



5 



10 
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sealing element including an end sleeve; 

a pressurized chamber radially between the mandrel and the elastomeric sealing 
element for inflating the sealing element into sealing engagement with the sidewall of 
the well; 

5 a collar positioned axially opposite the sealing element with respect to the end 

sleeve and radially outward of the mandrel; 

a circumferential groove in a radially outer surface of the collar; and 
an annular radially inward swage indentation in the end sleeve for cooperating 
with the circumferential groove in the outer surface of the collar to axially interconnect 
10 the collar and the end sleeve. 

22. The inflatable packer as defined in Claim 21, further comprising: 

an annular ring for engaging the swage indentation to enhance the 
interconnection between the collar and the end sleeve. 

15 

23. The inflatable packer as defined in Claim 21, further comprising: 

an interconnection member extending radially outward from an outer surface of 
the collar for engagement with the annular swage indentation. 

2 0 24. The inflatable packer as defined in Claim 21, wherein a portion of the end 

sleeve axially adjacent the swage indentation has a reduced radial thickness relative to 
another portion of the end sleeve axially spaced from the swage indentation. 

25. 9 A method of interconnecting an elastomeric sealing element end sleeve 
25 with a collar of an inflatable packer, the packer including a mandrel having a 
throughbore therein, the elastomeric sealing element being radially outward of the 
mandrel, and a pressurized chamber radially between the mandrel and the elastomeric 
sealing element for inflating the sealing element into sealing engagement with the side 
wall of a well, the method comprising: 
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forming a circumferential collar groove in a radially outer surface of the collar; 
forming a circumferential sleeve groove in a radially inner surface of the end 

sleeve; 

forming an insert hole through one of the end sleeve and the collar; and 
5 inserting a retaining member through the insert hole and into both the collar 

groove and the sleeve groove to axially interconnect the collar with the end sleeve. 

26. The method as defined in Claim 25, wherein inserting the retaining 
member comprises: 

positioning a retaining wire about at least 210° of the circumference of the end 

1 0 sleeve. 

27. The method as defined in Claim 25, wherein inserting the retaining 
member comprises: 

positioning a front portion of a retaining wire in both the collar groove and the 
1 5 sleeve groove while a rear portion of the retaining wire remains outward from the wire 
insert hole; 

pressurizing the pressurized chamber to test the sealing integrity of the 
pressurized chamber; and 

in response to the test thereafter either positioning the rear portion of the 
2 0 retaining wire within the collar groove and the sleeve groove or removing the retaining 
wire from the collar groove and sleeve groove to repair a leak in the pressurized 
chamber. 

28. The method as defined in Claim 25, further comprising: 
2 5 forming a cut-out in an outer surf ace of the collar; 

positioning an anti-rotational key within the cut-out; 
forming an axially extending slot in the inner surface of the end sleeve; and 
sliding the collar into the end sleeve such that the key fits within the slot to 
rotationally interconnect the collar and the end sleeve. 
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Abstract 

An external casing packer 10 is provided for positioning downhole along a 
tubular string in a well. Packer 10 includes a mandrel 12, an elastomeric sealing element 
14, and an inflation chamber 26 for inflating the sealing element into sealing 
5 engagement with the sidewall of the well. Upper collar 22 and a lower collar 24 
positioned axially above and below the sealing element respectively, and an upper end 
sleeve 40 and a lower end sleeve 62 of the sealing element are mechanically 
interconnected. One or more anti-rotational keys 44 rotational interconnect a collar with 
a respective sleeve. A circumferential groove 52 may be provided in the outer surface of 

1 0 the collar, and a similar circumferential groove 54 provided in the inner surface of the 
end sleeve. A retaining wire 46 may be passed through a hole 56 in the end sleeve and 
into the grooves to axially interconnect the collar with the end sleeve. The 
interconnection mechanism of the present invention does not rely upon welding, and 
may be reliably used when there is relatively little spacing between the outer diameter 

15 of the mandrel and the outer diameter of the packer body. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



